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SWiARY 


A special problem is encountered in the application' of fuse- 
lage scoops to a transonic airplane in that compression shocks 
must he aYoid.ed on the surface of the fuselage ahead of the air 
iiil'ets to prevent boundary -layer separation which would result in 
uhstahle inlet flow and losses in ram. However^ subsonic flow can 
be maihta.ined on the fuselage s'urface ahead of an annular inlet 
up to flight Mach numbers of about 1-2, thereby avoiding shocks 
in this region tlirou^ both the subsonic and the transonic fliglit 
regimes, providing that the fuselage forward of the. inlet is a 
cone of the proper, proportions.. The. present investigation of this 
type of inlet was conducted. at low speeds in the Langley propeller- 
research tunnel in order to obtain some indication of the' basic 
charac'beristics :of such inlets. 

: • . . ■ ■ ■ ■ i i ‘ . 

Two theoretically -designed cone^type fuselage noses of dif-*' ... 
ferent apex angle and one ogival nose were tested in conjunction , 
with an NACA 1-35-050 cowling which was also tested in the- open-; 
nose condition. Surface pressures and inlet total pressures ,, 

were measured at the to'ps of the tOht'’configurations for wide ' ' . 

ranges of inlst-veiocity. ratio -and angle of attack,. 

"'The results of the investigation show that substream 
velocities were maintained on the three fuselage noses over the 
ranges of angle of attack and inlet -velocity ratio useful for 
high-speed fliglit. At an angle of attack of 0°, boundary -layer 
separation from the noses was not encoun'tered over 'this range of 
inlet -velocity ratio. At and above its design inlet -velocity 
ratio, the NACA I-85-O5O cowling used as the basic inlet had , 
approxima'tely the same critical Mach n'UEibers with the varicos 
noses installed as when tested in the open-nose condition; thus, 
data for -the NACA 1-series nose inlets can be used in the design 
of installations of this type. At very high values in inlet- 
velocity ratio, the high negative pressure peaJcs encountered on 
the inner portion of the inlet lip caused the internal flow to 
separate . 
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INTRODUCTION 


The use of fuselage scoops offers several important advein- 
tages in the arrangement of a fighter-type airplane. First, the 
ducting to the engine may he made as short as possible; second, 
good visibility may be obtained by locating the pilot ahead, of the 
inlets in a thin section of the fuselage; third, the gun installa- 
tions may be located in the nose where they will not interfere with 
the air inlets or ducting; and fourth, the directional stability 
may be improved by reducing the lateral area forward of the center 
of gravity. 

A special problem is encovintered in the application of fuse- 
lage scoops to a transonic airplane in that compression shocks must 
be avoided on the s^lrface of the fuselage ahead of the air inlets 
to prevent boundary -layer separation which would result in \mstable 
inlet flow and losses in ram. This condition can be fulfilled only 
by maintaining the velocity of the flow on this surface at subsonic 
values throughout the speed range of the airplane. It appears 
that if the fuselage forward of the inlet is a cone of the correct 
apex angle, the desired subsonic velocities will be maintained on 
its surface up to Mach numbers of about 1.2, with low total -pressure 
losses, and the inlet lip at the base of the cone will operate 
essentially in the subsonic regime. 

Because of the great interest in these inlets and the dif- 
ficulty of detailed transonic testing at adequate Reynolds 
numbers, a preliminar’y study of such designs has been made at 
low speeds in the Langley props Her -re search tunnel as a part of 
the current NACA air-inlet research. Obviously many important 
phenomena associated with cocipressibility were thereby not observed; 
however, it was considered that the study would indicate many of 
the basic characteristics of such inlets. In the present paper 
are reported studies of the pressure distributions and inlet-flow 
conditions for annular Inlets consisting of an NACA l-series nose 
inlet (reference 1) around two theoretically-desigaed cone -type 
noses of different apex angle and one ogival nose, together with 
comparison tests of the inlet in the open-nose condition. A 
subsequent report will describe tests in which a canopy and wheel- 
well fairing were added to the test model to provide a twin -side - 
scoop configuration applicable to a fighter-type airplane. 


SOBOLS 


Aj^ inlet area, 1.12 squeire feet 

D maximum diameter of cowling, 2?. 25 inches 
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height of inlet, 2.^7 inches 

total pressure, pounds per sq.uare foot 

predicted critical Mach number 

static pressure^ poimds por square foot 

static pressure of free streai.a, pounds per square foot 

dynamic pressure of free stream, pounds per square foot 

local velocity at point in boundary layer, feet per second 

velocity J^st outside boimdary layer, feet per second 

average velocity of flow at inlet, feet per second 

velocity of free stream, feet per second 

horizontal dista,nce from station 0 (see fig. 2), inches 

angla of attack of center line of model, degrees 

boundary -layer thicloioss, the normal distance from surface 

H - Po - 

to point where — = O.pd, inches 


MODEL AND TESTS 


General views of the model are shown as figure 1^ line 
drawings of the three anmlLar- inlet configurations and coordinates 
of the "curved" nose and of the NACA 1-35-050 nose inlet used in 
coniunction with each of the fuselage noses are given in figure 2. 
The three fuselage noses had the same inaxiDium dimeter at the ±nlet. 
The "short" conical nose had an apex angle of 19 s- ratio of 

length to diai'iieter of about 3^ while the "long ' conical nose had^ 
an apex angle of iL® and a ratio of length to diameter of approxi- 
mately 4. The curved nose which had approximately the same length 
as the short conical nose was designed to obtain increased volume 

within the nose ; its nose angle was about 32 • 

A schematic drawing of the body of the model showing the 
arrangement, instrumentation, and principal dimensions is presented 
as figure 3- The internal -flow system Included an axial-flow fan 
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vhich was necessary to ottain the higher inlet-velocity ratios. 

Flow control was obtained by varying the speed of the motor and 
the position of the shutters. The quantity of internal flow was 
measured by means of rakes of total- and static -pressure tubes at 
the throat of the ventiAri and at the exit of the model. 

Surface pressures were measured by means of 11 to 15 flush 
orifices distributed along the top center line of each nose and 
21 orifices installed in the top section of the inlet lip. Total 
pressures in the boundary layers of the several noses at the 
entrance station were measured by the use of a removable rake of 
nine O.O3O -inch -dlame tor stainless -steel tubes with ends flattened 
to form openings about O.OO 5 by O.O 5 inch. Pressure recoveries 
in the flow adjacent to the inner surface of the top section of 
the inlet lip were measured by Cleans of the I'ake of five 1/16 -inch- 
diameter total -pres sure tubes shown in figure 3* All pressures 
were recorded by photographing a multi tube manometer. 

The tliree annular -inlet configurations were tested over the 
angle -of -attack range from -2° to 6° at inlet -velocity ratios 
ranging from 0.4 to 1.5> while the open-nose cowling tos investi- 
gated over the angle -of -attack range from 0® to 6*^ at inlet - 
velocity ratios i-anging between 0.3 and 0.9« All tests were 
conducted at tunnel speeds of from 70 to 100 miles per hour; the 
latter value cori-e spends to a Mach number of 0 .I 3 and a Eeynolds 
number of about 2 million based on the maximum cowling diameter . 


RESULTS AND DISCUSSION 


The results of the present investigation are discussed in 
three sections which deal separately with surface pressures on 
the noses, surface pressures on the inlet lip, and flow condi- 
tions at the inlet. 

Surfa ce p ressu res o n nose s.- Static -pressure distributions 
over the top external surface of the three inlet configurations 
are presented in figures 4 to 6. 

The static -pressure distributions over the short conical -nose 
configuration at an angle of attack of 0°, figure 4(b), show that 
substream velocities were obtained over the entire nose for low and 
medium values of inlet-velocity ratio. The effect of increasing 
the inlet -velocity ratio was to raise the velocities on the surface 
of the nose; however, these increases were very small except within 
one -half cowling diameter ahead of the inlet. Supers trear/i velocities 
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occurred at the inlet at inlet -velocity ratios above approxi- 
mately 0.9* The Bvirface pressure- on the nose at the inlet was 
always more negative than the corresponding valu^ that coiild he 
estimated from the inlet -velocity ratio because the inlet -velocity 
distribution was nonuniform due to the boundary layer on the nose 
and to the pressure field of the inlet lip. 

The more important effect of increasing the angle of attack 
of the model with the short conical nose was to increase' (at the 
top of the nose) the extent of the superstream velocity field 

ahead of the inlet for inlet- velocity ratios above approximately 1.1. 
Small decreases were effected in tlie local velocities on the top 
of the nose at the inlet; presumably, as indicated by the data for 
the top of the nose for a = -2°, corresponding small increases 
were effected in the local velocities at the bottom of the nose . 

Velocities over the forjmrd portion of the long conical nose, 
althougji substrean, were slightly higher than those for the short 
conical nose. (Compare figs, k and 5*) This condition caused 
some increases in the extent of the superstream ve3.ocity fields 
ahead of the inlet for the higher inlet -velocity ratios. At values 
of inlet-velocity ratio below unity, however, conditions at the 
section immediately in front of the inlet were essentially the 
saEie, as those for the short nose. 

The introduction of curvature to the sides of the short nose 
caused decreases in the surface velocities well forward on the 
nose, but also resulted in the formation of a. minimum pressure 
peak located 0.5 to I'.O cowling diai-Bters ahead of the inlet. 

(Compare figs, h and 6.) The surface velocities in the latter 
region were approximately froe-streaui values at an inlet-velocity 
ratio of 0 . 9 at an angle of attack of 0° . However , at the usxial 
high-speed inlet -velocity ratios, superstream velocities did not^ 
occur within the useful range of angle of attack. Surface velocities 
at the inlet of the curved-nosc configuration, in general, were 
sliglitly lower than those for the conical -nose configurations at 
any given value of inlet-velocity ratio, probably becaiise of the 
improved allnement of tlie entering flow. 

The following table presents the EBXimvmi values of li^et- 
velocity ratio for which substream velocities were maintained on 
the three noses at angles of attack of 0® and 2°s 


1 

Nose 

P 

il 

o 

o 

a = 2° 

Short cone 

0.88 

0.83 

Long cone 

.93 

.8? 

Curved 

.91 

.73 

! . .... _ 
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For a = 2 '^, the above raaximvmi values ■were determ3.ned in the case 
of the two conical noses "by the pressures on the 'bottom surfaces 
at the inlet, and in the case of the curved nose by the pressures 
on the top surface of the nose well forward of the inlet. These 
velocity ratios exceed the usual desien values for high-speed 
flight; thereby indicating the feasibility of this type of inlet 
for a transonic airplane . The critical Mach number characteristics 
of the top surfaces of the three noses (predicted by the use of 
the von Karman relationship, roference 2, and qualified by the faot 
that some of the higher? inlet -velocity ratios are unobtainable in 
the high-speed flight conditions due to choking of the inlet) are 
presented in figure 7 for the range of inlet-velocity ratio over 
which super stream surjiace velocities occurred. 

Svirface pressures on inlet lip.- The pressure distributions 
over the external s^srface of the lip of the annular inlets 
(figs. 4 to 6) were essentially similar to those for the basic 
open-nose cowling (fig. 3), and were characteristic of those 
for the NACA l-series nose Inlets in that they were fairly flat 
at and above the inlet -velocity ratios which were required to 
prevent the occvirrence of a negative pressure peak at the leading 
edge. The predicted critical Mach number characteristics for 
this surface are shown in figure 7 as a function of the inlet- 
velocity ratio for angles of attack of 0° and 4*^, and are compared 
in figure 9 at a = 0*^ with corresponding data for the NACA I- 85 - 05 O 
open-nose cowling. This comparison shoves that at and above its 
design inlet -velocity ratio (that is, beyond the "loiee" of the 
curve) the basic inlet had approximately the same critical Mach 
numbers with the various noses installed as when tested in the 
open-nose condition. Below the design point, the critical speeds 
for the lip of the annular-inlet configurations decreased more 
gradually with decreases in the inlet-velocity ratio than did those 
for the open-nose cowling, probably because the presence of the 
noses improved the alinement of the entering flow. (See fig. 8.) 

The cvirved nose produced a higher critical speed on the inlet lip 
than did the conical noses over most of the rang© of fer 

the same reason. The flow appears to have been separated from the 

V-- 

lip of the open -nose cowling at -^ = 0.3 because of the high 

^o 

effective angle of attack of the lip. 

The foregoing results indicate that satisfactory lips for 
this type of inlet can be designed by application of existing data 
for the NACA l-series nose inlets; the design charts of reference 1 
cover the selection of these inlets for critical Mach numbers as 
higli -as 0 . 9 . In the use of these data it should be noted that the 
critical Mach number is defined as the Mach nuiiber at which sonic 
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volocity is attained on the surface of the nose inlet. Tests of 
airfoils and streaiixLined todies indicate that the Mach number at 
which shock separation and abrupt drag increases take place is some- 
what greater than the critical Mach number. 

Static -pres sure distributions around the top section of the 
inlet lip, figui-e 10, show that negative pressure coefficients 
occurred on the inside of the lip at inlet-velocity ratios above 0.9 
at an angle of e-ttack of 0*^. Both decreases in ct, and furtlier 
increase in Vi/Vq caused rapid increases in the values of these 
negative pressure coefficients^ the internal flow therefore might 
be expected to separate from the lower lip of the inlet in tte 
climb condition in which coiubina-tions of high values of 

and IX are encountered. This result, together with the fact that 
the critical Mach nuiibers for this surface were lower than those 
for any other coBiponent of the inlet at high values of Vj[/Vo 
(fig. 7 ), stresses the necessity for the experiiasntal development 
of less sensitive inner-lip fairings. 

Flo w co nd itions at inlet.- Total -pressure and velocity 
distributions in the boundary layers of the three noses at the 
inlet are presented in figui'es 11 and 12, respectively. The pro- 
files are typical of those for turbulent flow. Decreases in the 
inlet -velocity ratio caused rapid increases in boundary -layer 
thiclcnesa because of the resulting increases in the adverse pressure 
gradient in front of the in.let. Extensive pressvire fluctuations 
at the recording manometer furnished an indication that the boundary 

layers on the tiiree noses were vins table at ~ = 'the sajiple 

^o 

total -pres sure and velocity profiles contained in figures 11 and 12 
show that the flow was either separated or on the verge of separation 
from the svirface of the two conical noses for this test condition. 

The boundary “laji'er thiclcness 5 and the ratio of this thick- 
ness to the inlet height 6/h are presented in figure 13 as a 
fvinction of the inlet -velocity ratio. The boundary -layer thick- 
nesses for the short conical nose and the curved nose were of the 
saiiie order over most of the ^±/^o range, and were about 19 percent 

of the inlet height for a tj-pical higl'i-speed inlet-velocity ratio 
of 0.7 compared to about 32 percent for the long conical nose. As 
the high-speed inlet-velocity ratio for an installation of this 
type probably would not be less than 0.6, the boundary -layer insta- 
bility and flow separation mentioned in the preceding paragraph 
probably would not be encountered except in the dive condition with 
the engine throttled. 
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To*bal pressure recoveries in the outer half of the inlet 
annulus at the top of the model are shewn in figure 14. The losses 
for low inlet-velocity ratios^ which increased rapidly with angle 
of attack^ were caused ty the separated "boundary layer on the noses. 
(See fig. 11 for inner portion of "boundary layer profiles for a = 0^.) 
The losses for high inlet -velocity ratios and low angles of attack 
were caused "by separation of the flow from the inner fairing of the 
lip due to the negative pressure peaks shown in fig'ure 10 ; as 
separation from the lip at the hottom of the inlet would he 
especially severe in the climh condition, this result again stresses 
the necessity for further development of inner-lip fairings for 
use at inlet -velocity ratios greater than unity. For angles of 
attack between - 2 ^ and 2 ^, the flow did not separate from either the 
inlet lip or the noses of the three coni'igurations for inlet- 
velocity ratios between 0.7 Q'Hd 1.0. The short conical nose appeared 
to have a somewhat wider separation -free operating range of inlet - 
velocity ratio than did the other two noses. 


SUMMARY OF RESULTS 


A low-speed investigation has been made of three transonic 
fuselage -inlet installations desif:h©d- "to mountain substream 
velocities on the bod^’’ ahead of the air Inlets. The more important 
results and conclusions of this investige-tion are summarized as 
follows : 


1. Substream velocities wero maintained on the three cone -type 
fuselage noses over the rangjes of angle of attack and inlet -velocity 
ratio useful for high-speed fli^t. 

2. The thicknesses of the boundary layers on the short and 
long noses were about 19 a^d 32 percent of the inlet height, 
respectively, for a typical high-speed inlet-velocity ratio of 0.7* 
Boundary-layer separation was not encountered at an angle of attack 
of 0 ^ over the range of inlet -velocity ratio useful for high-speed 
flight. 

3 . At and above its design inlet -velocity ratio, the NACA I- 85 -O 5 O 
cowling used as the basic inlet had approximately the same critical 
Mach numbers with the various noses installed as when tested in the 
open-nose condition. Below this design point, the critical speeds 

for the inlet lip of the annular-inlet conf igurations decreased 
more gr'adually with decreases in inlet -velocity ratio than did those 
fox'* tho basic cowling. Thus, data for the NACA 1-series nose inlets, 
which cover the range of critical Mach number up to 0.9^ can be used 
in the design of installations of this type. 
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4. At very high values of inlet-velocity ratio the high nega- 
tive pressure peaks encountered on the inner portion of the inlet 
lip caused the internal flow to separate. This resilLt stresses the 
necessity for the developinent of less sensitive inner-lip fairings 
for inlets which operate at inlet -velocity ratios exceeding unity. 
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Fig. 1 




(b) Long conical nose. 



( c ) Curved nose . 

Figure 1.- General views of the model with the three 
annular inlet configurations. 
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Figure. 3 SchemoHc drawing of body of model showing the arrangement, 
instrumentation , and farindlDo/ dirnens/ons. 
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Fig. 4a 



Fig. 4b 
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Fig. 4c 



Fig. 4d 
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Fig. 4e 



Fig. 5a 
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Fig. 5b 



Fig, 5c 
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Fig. 5d 



Fig. 5e 
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Fig. 6a 
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Fig. 6b 
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Fig. 6c 





Fig. 6d 
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Fig. 6e 
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Fig. 7 
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Fig. 8 






Fig. 9 
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with the three noses instaiied. 
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Fig. 10b NAC.A RM No. L6J04 
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Fig. 12 
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Fig. 13 
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Fig. 14 b 



Fig. 14 c 
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